Introduction
The negative impacts of chemicals used in agricultural production practices on human, animal, and environmental health have increased interest in organic farming day by day. Organic farming encompasses human and environmentally friendly production systems. It prohibits the use of synthetic chemicals, growth regulators, and mineral fertilizers and allows instead the implementation of organic and green fertilization, crop rotation, soil preservation, plant resistance improvement, and biological control. In brief, organic farming is usually practiced to re-establish the already damaged ecological balance (Aksoy and Altındişli 1999) . Although Turkey has a great potential for organic farming with highly suitable ecological conditions, Turkey's share of the world organic product market is at significantly low levels (Demiryürek 2004 ).
The productivity of agricultural lands should be increased to meet the food demand of the ever-increasing population. Wheat is an essential food source for human nutrition. Wheat kernels are used to produce flour, cracked wheat, macaroni, and starch-like nutrients, while wheat stalks are used as animal feed and used in the paper/cardboard industry. Wheat is cultivated on 9.4 million hectares of land in Turkey and annual production is around 19-22 million tons, depending on precipitation during the year. The average yield per hectare is 2695 kg (TUİK 2011) .
There have been several studies worldwide about yield and quality characteristics and genetic improvements of bread wheat. Breeding studies are also available on increasing the quality and yield of wheat varieties. The variety to be used in organic farming should comply with the local climate and soil conditions, be resistant to pests and diseases, and have high yield and quality. Muller et al. (2000) indicated that cereal breeders should develop suitable organic wheat cultivars for each region. Lampkin (2002) and Carr et al. (2003) reported that modern cultivars yielded better results than old cultivars in organic wheat farming and indicated better nutrient uptake of deep-rooted cultivars. Dashbaljir et al. (2005) reported hectoliter weights of wheat cultivars in Austria of 80.0-83.5 kg, protein ratios of 11.2%-15.8%, and gluten rates of 25.8%-35.7%. Carcea et al. (2006) investigated quality performances of 6 different bread-wheat cultivars in Italy under organic and traditional farming conditions and observed insignificant differences between farming conditions with regard to hectoliter weight and number of fall and also observed higher protein ratios in traditional farming (13.9%-15.3%) than in organic farming (11.9%-13.3%). Mason et al. (2007) compared the quality parameters of wheat cultivars under organic and traditional farming conditions in Canada and observed a hectoliter weight of 78 kg in traditional farming and 77 kg in organic farming. Gopinath et al. (2008) carried out research in India to investigate the effects of different organic fertilizer sources, cattle manure compost, vermicompost, and lantana compost (with nitrogen contents of 60, 90, 120, and 150 kg N ha -1 doses for each fertilizer) and mineral fertilizer, on quality parameters of wheat cultivars. They reported a superior effect of mineral fertilizer treatment over the other fertilizer sources and manure compost was found to be the second most effective fertilizer. In another study in Canada, Gelinas et al. (2009) investigated quality parameters of 5 different bread-wheat cultivars grown under organic farming conditions and observed falling numbers of 317-318 s, kernel protein ratios of 11.2%-12.7%, and wet gluten contents of 23.9%-30.9%. They reported the reasons for low yields in organic farming as environmental conditions and the competition between weeds and cultivars for water and nutrients. They also pointed out the significance of selecting high-yield and quality cultivars in organic farming. Although the regional economy of eastern Anatolia is mostly dependent on agriculture, modern agricultural practices are not implemented in the region. Agricultural chemicals are randomly applied. Weed control chemicals are not used over 90% and fertilizers are not used over 50% of wheatgrowing lands in Erzurum Province. About half of the sufficient amount of fertilizers is used over the remaining 50% (Öztürk et al. 1998) . Although some studies have investigated the relationships between yield parameters and genetic characteristics of cultivars in Turkey, further research is needed to investigate the variations in quality parameters with genetics of cultivars. The present research investigated the effects of different fertilizer sources and weed control practices on quality parameters of organic wheat. . Half of N and all P were applied at sowing; the second half of N was applied at the beginning of stem elongation.
Materials and methods

Site description and experimental design
Climate characteristics
Long-term average total precipitation of Erzurum is 395.5 mm. Annual total precipitation levels of the crop years 2006-07, 2007-08, and 2008-09 were 467.0, 336.7, and 386 .7 mm, respectively. The initial crop year had 71.5 mm more precipitation than the long-term average and the second and third cropping years had 58.8 and 6.7 mm lower precipitation than the long-term average, respectively. The annual long-term average temperature of Erzurum is 4.9 °C. The annual average temperatures of the crop years 2006-07, 2007-08, and 2008-09 were 5.3, 5 .0, and 5.2 °C, respectively. Erzurum has significantly low relative humidity levels in summer months. Relative humidity decreases from February to September and starts to increase in October. The long-term annual average relative humidity of Erzurum is 65.6%. The average relative humidity levels of the 1st, 2nd, and 3rd research years were 71.4%, 69.0%, and 69.0%, respectively. The relative humidity of the entire research years was higher than the long-term averages.
Soil characteristics
Soils of the experimental fields are slightly alkaline with clay-loam texture, and low organic material and lime, moderate phosphorus, and high potassium contents (Topbaş 1987; Ergene 1993) .
Properties of the experimental soils, crop management, sowing and harvesting dates, application rates, and important characteristics of OMs were given in our previous study (Öztürk et al. 2012 ).
Measurements and calculations
Hectoliter weight was determined for kernel samples of each plot with a hectoliter measurement device. Kernel samples of each plot were ground and the N contents of 2 identical samples were determined by micro Kjeldahl method (American Association of Cereal Chemists 1983 method 46-12). Then the crude protein ratio was determined multiplying dry matter N content by 5.7 (%N × 5.7). The Zeleny sedimentation value was determined for flour samples of kernels with a mechanical shaker based on 14% moisture (Elgün et al. 1999) . Wet gluten content was determined for 10-g flour samples of kernels. Samples were kneaded with 2% saline water and wet gluten contents were determined with a Glutomatic 2200 device (Elgün et al. 1999) . Number of fall (enzyme activity) was determined for kernel samples with a Falling Number 1800 device (Elgün et al. 1999) . Ash ratio was determined by implementing 920 °C norm and calculated on a dry matter basis (Elgün et al. 1999 ).
Statistical analysis
Variance analysis of experimental results was carried out by using MSTAT-C (1991) statistical software and Duncan's multiple range test was used to test the differences among means.
Results
Hectoliter weight
Hectoliter weight is an indicator of kernel quality and flour yield. Hectoliter weight increased in the 2006-07 cropping year because of suitable climate conditions and decreased in the 2007-08 cropping year because of low precipitation and high temperatures during the grain filling period (Table 2 ). The wheat cultivars Doğu-88 and Kırik were found to be similar with regard to hectoliter weight. Hectoliter weights of weedy control, hand weeding, and dense sowing were respectively 78.8, 78.9, and 79.2 kg. Increasing sowing density from 425 seeds m -2 to 625 seeds m -2 significantly increased the hectoliter weight. The difference between hand weeding and the other practices were insignificant. Hectoliter weight of fertilizer sources varied between 78.3 and 80.0 kg. The highest hectoliter weight was obtained from CM treatment and it was significantly superior to the other fertilizers except for NP. The lowest value was observed in the control treatment, without fertilization.
Crude protein ratio
The effects of cropping years, cultivars, weed control practices, and fertilizer sources on crude protein ratios were significant (Table 2) . Drier conditions and higher temperatures especially during the postflowering period increased the crude protein ratios of the second cropping year. The cultivar Kırik (11.73%) had a higher crude protein ratio than did Doğu-88 (11.13%). Crude protein ratios of weedy control, hand weeding and dense sowing were 11.58%, 11.46%, and 11.26%, respectively. The difference between weedy control and hand weeding was not significant with regard to protein ratio. Crude protein ratios for fertilizer treatments of the control, NP, Bio, Bio SR, Leonardite, OF, and CM were respectively 10.32%, 12.34%, 11.10%, 11.42%, 11.48%, 11.28%, and 12.09%. The ratio was significantly high for NP treatment and significantly low for the control treatment. CM was the second fertilizer source with regard to crude protein ratio and the values for all fertilizer sources were higher than those for the control treatment.
Zeleny sedimentation value
Zeleny sedimentation test is an important indicator of the bread-making quality of wheat and provides an idea about protein content and quality. The flours with high gluten 
Wet gluten content
Wet gluten is another important indicator of the breadmaking quality of wheat; it is an elastic protein indicating the suitability of dough for bread-making. Elgün et al. (1999) reported a positive relationship between wet gluten content and nitrogenous material content of kernels. It provides an idea about protein quality rather than protein content. Differences between cropping years were significant with regard to wet gluten content (Table 3) . While the highest wet gluten content value was observed in the 2008-09 cropping year, the lowest value was seen in the 2006-07 cropping year. Significant differences were observed between cultivars with regard to wet gluten content. While Doğu-88 had a wet gluten content of 27.0%, that of Kırik was 31.7%. Kırik, with high protein content, also had significantly higher wet gluten content. The effects of sowing density and fertilizer sources on wet gluten content were significant. Wet gluten contents of weedy control, hand weeding and dense sowing were respectively 28.6%, 31.0%, and 28.4%. Hand weeding significantly increased the wet gluten content while sowing density did not affect it. Wet gluten contents of fertilizer treatments varied between 26.8% and 32.2%. The highest value was obtained from NP and the lowest value was seen in the control treatment. Organic fertilizers yielded significantly higher increases in wet gluten content than the control treatment but they were similar with regard to gluten content. Mineral fertilizers provided higher increases than organic ones since they also have higher impacts on the protein ratios.
Number of fall (enzyme activity)
Number of fall is a parameter used to assess the breadmaking quality of flour and it is effective on gas production of dough, bread volume, bread inner texture, and color. Cropping years, cultivars, weed control practices, and fertilizer sources all had significant effects on number of fall (Table 4 ). The highest number of fall was observed in the first cropping year and the lowest value was seen in the third year. Doğu-88 had a significantly higher number of fall than Kırik did. Number of fall values for dense sowing were higher than those of the other weed control practices. Number of fall values for fertilizer sources varied between 636.3 and 670.4. While the highest value was obtained from OF, the lowest value was seen in the control treatment.
Crude ash ratio
Crude ash ratio is also an indicator of the bread-making quality of flour and provides an idea about flour yield of kernels. Cropping years, cultivars, weed control practices, and all fertilizer sources had significant effects on crude ash ratio. While the cropping year 2007-08, with the driest conditions during the grain filling period, had the lowest crude ash ratio, the cropping year 2008-09 had the highest ratio (Table 4 ). The cultivar Kırik had a higher ash ratio than Doğu-88. Higher increases in ash ratio were observed in weedy control than the other weed control practices. The crude ash ratios of fertilizer sources varied between 1.71% and 2.04%. While the highest ratio was obtained from NP treatment, the lowest value was seen in the control treatment, without any fertilizer, and the differences in ash ratios of fertilizer sources were significant.
Discussion
Contrary to our findings, some researchers reported that mineral and organic fertilizers did not affect hectoliter weight (Carcea et al. 2006; Mason et al. 2007; Murphy et al. 2007) . Researchers reported that the reasons for lower values in organic farming were the competition of weeds with wheat cultivars in water and nutrient uptake. High temperatures and drought during the postflowering period decrease synthesis and accumulation of carbohydrates and consequently increase the amount of nitrogen accumulation in kernels (Panozzo and Eagles 2000; Özturk et al. 2006) . Crude protein ratios of wheat cultivars grown under organic farming conditions were reported as 11.86%-13.31% by Carcea et al. (2006) , 11.2%-12.7% by Gelinas et al. (2008) , and 10.0%-11.1% by Baresel et al. (2008) , and they all pointed out significant differences among the cultivars. Guarda et al. (2004) determined the crude protein ratios as 14.0%-16.0% for wheat cultivars registered between the years 1900 and 1916 and as 11.4%-12.4% for cultivars registered between the years 1988 and 1994. Improved nitrogen use efficiency may provide 33.5 kg ha -1 increase in kernel yield but protein ratio decreases 0.03%. It is mostly due to rarefaction of protein with increasing carbohydrates, rather than genetics of cultivars. Similarly, a new and bred cultivar, Doğu-88, in the current study had higher kernel yield and significantly lower protein ratio than an old and population cultivar, Kırik. Protein ratio of a kernel is used as a quality parameter to determine the bread-making value of the kernel and flour. It is an important indicator of baking quality and volume of bread (Kihlberg et al. 2004; Mader et al. 2007) . Considering such quality criteria, Kırik seems to be more suitable for organic farming in Erzurum. An increase in seeding density decreased the crude protein ratio. Hiltburunner et al. (2005) reported significantly higher protein ratios for wide row spacing than for narrow spacing in organic wheat farming and related such differences to higher nutrient accumulation and transport in wide spacing. Geleta et al. (2002) indicated increasing nitrogen competition and consequent lower protein contents of kernels at higher sowing densities. Contrary to the findings of the current study, Beavers et al. (2004) , Öztürk et al. (2006) , and Nakano and Mirota (2009) observed insignificant effects of sowing densities on raw protein ratios. Abouziena et al. (2008) investigated the effects of weed control practices (control, hand weeding, and chemical control) on crude protein ratio and observed a 2.7% increase in kernel nitrogen content with hand weeding. Sary et al. (2009) observed findings similar to those of the present study and found hand weeding and the control treatment similar. Higher nitrogen content of soil extract and easy nitrogen uptake yielded higher crude protein ratios for mineral fertilizers than organic fertilizers (Carcea et al. 2006; Mader et al. 2007; Gopinath et al. 2008; Ibrahim 2008) . Cattle manure also increases crude protein ratios and the difference between cattle manure and mineral fertilizers may sometimes not be significant (Ryan et al. 2004; Sary et al. 2009 ). Gopinath et al. (2008) reported equal available nitrogen supply of manure and mineral fertilizers, as well as higher enzyme activity and available P and K for manure treatment. Hiltburunner et al. (2005) indicated that cattle manure increased the stalk weight of wheat during grain ripening and related higher protein ratios with higher nutrient accumulation in stalks.
In the present research, other mineral fertilizers yielded significantly lower crude protein ratios than cattle manure treatment. Protein ratio is a complex parameter affected by several factors. A cattle manure implementation of 10 t ha -1 yielded a crude protein ratio over the specified value in TS 2974 for first class bread-wheat (>11.6%). Our results indicate the great potential of cattle manure in organic wheat farming in Erzurum.
Annual differences in Zeleny sedimentation values were also reported by Krejcirova et al. (2007) and Öztürk and Gökkuş (2008) . Kırik was significantly superior with regard to Zeleny sedimentation values. Genetics may affect the Zeleny sedimentation values of wheat cultivars (Capouchova et al. 2008; Öztürk and Gökkuş 2008) . The minimum Zeleny sedimentation value for bread-wheat cultivars is specified as 22 mL in TS 2974 Wheat Standard. Our results indicate that Doğu-88 and Kırik cultivars were placed in the third group (22-29 mL) with regard to their Zeleny sedimentation values. Bavec et al. (2002) and Capouchova et al. (2008) reported insignificant effects of sowing densities on Zeleny sedimentation values, but they observed decreasing values with increasing densities. The higher Zeleny sedimentation values in the hand weeding treatment may be related to better plant nutrient and water conditions of the treatment. Capouchova et al. (2008) reported significantly high protein ratios and Zeleny sedimentation values for wheat cultivars grown in wider row spacing. In traditional farming, mineral nitrogen application increases nitrogen availability and yields higher Zeleny sedimentation values than organic farming because of increased glutamine and gliadin-like protein components (Krejcirova et al. 2007; Mason et al. 2007) . Similar to the current study, Erkul et al. (2005) observed significantly increased Zeleny sedimentation values with cattle manure application. Gelinas et al. (2009) reported significant impacts of ecological factors on the quality parameters of wheat. Krejcirova et al. (2007) and Öztürk and Gökkuş (2008) also reported annual variations in wet gluten contents of wheat cultivars. Ünal (2002) classified wet gluten content of flour over 35% as high, of 28%-35% as good, of 20%-27% as medium, and below 20% as low. According to this classification, Doğu-88 was classified as medium and Kırik as good. Gelinas et al. (2009) determined the wet gluten contents of 5 cultivars as 23.9%-30.9% under organic farming conditions and Krejcirova et al. (2007) determined the average of 6 cultivars as 17.1%-26.2% under organic and traditional farming conditions. Wet gluten content may not be related to protein ratio since high sowing density increased the protein ratio and did not change the wet gluten content (Elgün et al. 1999) . Karabinova et al. (2001) and Olaru et al. (2008) reported decreasing wet gluten contents with increased sowing densities. Krejcirova et al. (2007) and Mader et al. (2007) observed higher gluten contents in traditional farming than in organic farming. Kismanyork and Ragasits (2003) , in contrast to the current findings, reported insignificant impacts of cattle manure treatment on wet gluten content. A positive relationship between protein ratio and wet gluten content is not always valid since organic fertilizers with different protein ratios had similar wet gluten contents in the current study (Elgün et al. 1999) . Such a finding might have resulted from the effects of nutrient stress in organic fertilized plots on the composition of repository proteins (Mason et al. 2007) .
A number of fall value of 200-250 indicates normal enzyme activity and a value over 300 indicates low enzyme activity (Elgün et al. 1999) . Cultivars, weed control practices, and fertilizer sources yielded low enzyme activities in all samples. Contrary to findings of the current study, Carcea et al. (2006) observed insignificant impacts of organic and mineral fertilizers on number of fall.
Crude ash ratio may change with cultivars, climate, and soil conditions, and may decrease with drought and decreasing available phosphorus levels (Elgün et al. 1999 ).
The differences between cropping years with regard to the investigated parameters were significant. Higher available precipitation and temperature conditions during the first cropping year resulted in higher response rates to fertilizer sources. Lower precipitation in the second cropping year and higher temperatures during the postflowering period increased the crude protein ratios. Except for hectoliter weight, the differences in quality parameters of Doğu-88 and Kırik were significant. Kırik was superior to Doğu-88 with regard to crude protein ratio, Zeleny sedimentation value, and wet gluten content. In other words, Kırik had better quality characteristics than Doğu-88 did. Weed control practices had significant effects on entire quality parameters. While the hand weeding yielded higher Zeleny sedimentation values and wet gluten content, the weedy control yielded higher crude protein ratios. Fertilizer sources significantly affected the quality parameters investigated. While the highest crude protein ratio, Zeleny sedimentation value, and wet gluten content were obtained from the NP treatment, CM yielded the highest hectoliter weight. Organic fertilizer sources yielded better quality parameters than the control treatment did. Differences in the quality parameters of organic fertilizer sources were significant. Among the organic fertilizers, CM ranked first with regard to hectoliter weight, crude protein ratio, Zeleny sedimentation value, and wet gluten content. Evaluating the results of all 3 cropping years together, it was concluded that local cultivar Kırik should be preferred to modern cultivar Doğu 88 for high grain quality in organic wheat farming. Hand weeding is recommended in small areas and areas where lobor is inexpensive. CM should be applied as an organic fertilizer due to high quality valuese in organic wheat farming under the dry farming conditions of Erzurum Province in Turkey.
